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INTRODUCTION

In 1996 the U.S. Department of Energy (DOE) established its Field Operations Program
with the purpose of evaluating production electric vehicles for use in federal fleets. To
implement the Field Operations Program, DOE selected two Qualified Vehicle Testers
(QVT’s) through competitive bids. One of the QVT’s selected is the Southern California
Edison Company. The other QVT selected is a consortium of Electric Transportation
Applications (ETA), Arizona Public Service (APS), Salt River Project (SRP) and Potomac
Electric Power Company(PEPCO).

Task 4 of the Field Operations Program is designed to evaluate production vehicles in an
actual fleet environment. Driving is done on public roads in a random manner based on the
fleet mission. Data is collected and reported through the DOE.

Vehicles were driven in the fleets of Potomac Electric Power Company (PEPCO) in
Washington D.C., Arizona Public Service Company (APS) in Phoenix, AZ, Salt River
Project in Phoenix, AZ, and Electric Transportation Applications (ETA) in Phoenix, AZ.
This report summarizes Task 4 fleet test results of vehicles as shown in Table 1.

TABLE 1: Task 4 Test Vehicles and Fleets

Vehicle Arizona Public | Potomac Electric Salt River
Type Service Fleet Power Fleet Project Fleet
Chevrolet S-10 2 3 -
Ford Ranger 2 17 2
Toyota RAV 4 - 10 -

sl P /s ? s de P
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Two of the Potomac Electric Power Company (PEPCO) Ford Rangers (#337 & #338)
were operated in the ETA fleet after completing Accelerated Reliability Testing. Two of the
Chevrolet S-10 vehicles (#36009 & #39011) experienced winter driving range below that
acceptable for any mission in the PEPCO fleet. As a result, these vehicles were moved to
Arizona for fleet testing. In the ETA fleet, the vehicles were successfully operated more
carefully controlled missions.. One Toyota RAV 4 vehicle (#808t) was deleted from the test
as it was located at a remote location making data collection impossible.

TEST PROTOCOL

In Task 1 of Cooperative Agreement DE-FC07-96ID13475, procedures were developed to
govern the conduct of the Field Operations Program. Specifically, “Fleet Testing
Procedures” were issued by QVT Southern California Edison Company in October, 1997.
These procedures define the specific requirements for operation, maintenance and
ownership of fleet electric vehicles. Input to the test procedures was provided by the Idaho
National Engineering and Environmental Laboratory (INEEL) and by Electric
Transportation Applications.

TEST OVERVIEW

Vehicles were introduced into their home fleets on dates as shown in Table 2. Vehicles
were equipped with meters to monitor and record charging energy use as shown in Table 3.
Installation instructions used for meter installation in the Toyota RAV 4 vehicles are
contained in Appendix 10. These meters were read monthly along with the vehicle
odometer. Vehicles were operatzd through the dates shown in Table 2, accumulating a total
of 176,418 miles. As shown in Table 3, the vehicles consumed a total of 95,056 kWh
during their operation.
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4. OPERATING RESULTS

Vehicles were operated in a variety of missions and fleets. The average monthly mileage for
each vehicle, by vehicle type, is presented in Appendix 1. The average number of charges
per month are presented in Appendix 2 for each vehicle type. The average monthly miles
driven on each charge is presented in Appendix 3 for each vehicle type. The average energy
used for each battery charge is presented in Appendix 4 for each vehicle type. Detailed
monthly data for each Chevrolet S-10 are presented in Appendix 5, for each Ford Ranger in
Appendix 6 and for each Toyota RAV 4 in Appendix 7.

4.1 Range

Range was a factor in finding suitable fleet missions for vehicles. From baseline test data,
the range of the Toyota RAV 4 (using a nickel metal hydride battery) was significantly
greater than either the Ranger or S-10 (using a lead acid battery). These vehicles were
deployed randomly in the PEPCO fleet along with Ford Ranger vehicles. From data
contained in Tables 2, 3 and 4, the average monthly use for the Toyota RAV 4 vehicles (as
shown in Table 5) was 70 mi/mo, whereas the average monthly use for the Ford Ranger
vehicles was only 30 mi/mo. The greater use of the Toyota RAV 4 vehicles is primarily a
result of the greater available range. The greater range allowed the vehicles to be used in a
wider range of missions. The greater range also allowed for more flexible vehicle use
within the assigned mission. These factors combine to result in more extensive use of the
Toyota RAV 4 vehicles in the PEPCO fleet.

Contrasting with the PEPCO fleet experience are results with the S-10 vehicles in the APS
and ETA fleets. Chevrolet S-10 vehicles #36009, #36011, #08181 and #08182 were
placed in carefully selected missions that matched the available range of the vehicle. As a
result, the vehicle were used an average of 610 mi/mo. These results demonstrate that
careful mission selection can overcome shortcomings of reduced range.

From the data in Tables 3, 4 and 5, it can be seen that the greater range of the Toyota RAV
4 also allowed its number of miles driven per charge to be greater. In the PEPCO fleet the
Toyota RAV 4 vehicles averaged 36 miles/charge (as shown in Table 5), while the Ford
Ranger vehicles averaged only18 miles/charge.

4.2 Energy Efficiency

From the charge data presented in Tables 4 and 5, it can be observed that the energy
efficiency of each vehicle was highly dependent on the intensity of use for that vehicle.
Vehicles used frequently and for long distances tend to offset the hotel loads when the
vehicle is connected to the charger, resulting in a better overall energy efficiency. For
example, the Chevrolet S-10 vehicles # 36009 and #36011 driven intensely in the ETA fleet
achieved an efficiency of 0.487 kWh/mi, while Chevrolet S-10 vehicle #36010, driven
infrequently in the PEPCO fleet required 0.924 kWh/mi. Similarly with the Ford Ranger,
vehicles #337 and 338, driven in the ETA fleet, achieved an efficiency of 0.392 kWh/mi,
while Ford Ranger vehicles driven in the PEPCO fleet averaged 0.701 kWh/mi. It is further
noted that Ford Ranger vehicles #337 and #338 achieved the highest energy efficiency of
all vehicles tested, while Ford Ranger vehicle #816f operated in the PEPCO fleet recorded
the lowest energy efficiency of 1.056 kWh/mi.

With the energy efficiencies of these fleet vehicles, and an energy cost of 7¢/kWh, a fleet

wide fuel cost of 3.77 ¢/mi can be anticipated. The lowest fuel cost was 2.74 ¢/mi and the
highest fuel cost was 7.39 ¢/mi.
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TABLE 5; Efficiency Summaries By Vehicle Type

Summary Factor Overall Monthly
All Vehicles
Average miles/vehicle 5691 17
Average kWh/mile 0.539
Average miles/charge 25
FS-10
Average miles/vehicle 4960 79
Average kWh/mile 0.578
Average miles/charge 20
S-10 (less 36009 & 36011)
Average miles/vehicle 3919 83
Average kWh/mile 0.969
Average miles/charge 16
J|Ranger
Average miles/vehicle 6196 30
Average kWh/mile 0.577
Average miles/charge 24
IRanger (less 337 & 338)
Average miles/vehicle 4213 24
Average kWh/mile 0.701
Average miles/charge 18
JRAV 4
Average miles/vehicle 5144 70
Average kWh/mile 0.430
Average miles/charge 36
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5. Maintenance Requirements
Chevrolet §-10

Maintenance requirements for the Chevrolet S-10 vehicles are presented in Appendix 8.
The vehicles experienced significant time out of service due to battery pack problems
(mostly low range). Further time out of service was required to implement upgrades to the
vehicles as part of Chevrolet’s Customer Satisfaction Program. The changes included a
switch from Delco batteries to Panasonic batteries and software upgrades to extend range.
the switch to Panasonic batteries significantly increased range and reduced battery pack
problems.

The Chevrolet S-10 vehicles experience numerous recalls as detailed in Appendix 8. After
completion of the test program for the Chevrolet S-10 vehicles, a recall was implemented
for replacement of charge ports. Unfortunately, Chevrolet did not have the new charge port
available at the time of recall, resulting in vehicles being out of service for over six months.
After return of the vehicles with new charge ports, both range and reliability problems were
experienced with the vehicles and remain unresolved as of the writing of this report.

Ford Ranger

Maintenance requirements for Ford Ranger vehicles are presented in Appendix 9.
Significant time out of service was required to diagnose battery problems and to replace
batteries. Multiple packs of Delco and East Penn batteries were replaced in vehicles.
Several vehicles were out of service for extended periods due to lack of available
replacement batteries.

Battery charger failures occurred in several vehicles along with trans-axle failures and battery
control module failures. Software was changed to eliminate charging failures and premature
power cutback. This required several iteration of software and again resulted in extended
out of service periods. The software changes eventually resolved issues with premature
power cutback and failure to charge. However, battery pack failures continued after
completion of the test program. :

Toyota RAV 4
Maintenance requirements for Toyota RAV 4 vehicles are presented in Appendix 10. No
significant maintenance was required for these vehicles.

6. CONCLUSIONS
The following conclusions have been drawn from operation of Chevrolet S-10, Ford
Range and Toyota RAV 4 vehicles in fleet service.
 Mission selection is the most important aspect to successfully operating electric vehicles.
« Greater range makes mission selection easier and promotes greater vehicle use.

« Applications in areas with cold winters should be avoided when deploying lead acid
vehicles.

« While the Chevrolet S-10 vehicles had problems related to the Delco batteries, the switch
to Panasonic batteries stabilized vehicle performance and significantly reduced battery
maintenance problems.

« Energy efficiency of fleet electric vehicles is strongly dependent on the intensity of use.
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 Delco batteries in the Chevrolet S-10 and Ford Ranger vehicles were the source of
significant down time for these vehicles.

« The Ford Ranger vehicles experienced significant software problems which appear to
have been resolved as of the end of testing.

+ The Chevrolet S-10 charge port recall, while potentially having a devastating effect on

any fleet dependent on the reliable operation of its electric vehicles, has been resolved
and recurrence of a similar event is unlikely.
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